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METHOD FOR RECOVERING RARE EARTH
ELEMENT

FIELD OF THE INVENTION

[0001] This imnvention relates to a method for recovering a
rare earth element.

[0002] The present application asserts priority rights based
on JP Patent Application 2011-248715 filed 1n Japan on Nov.

14, 2011. The total contents of disclosure of the Patent Appli-
cation of the senior filing date are to be icorporated by
reference into the present Application.

BACKGROUND OF THE INVENTION

[0003] Rare earth elements, which have physically peculiar
characteristics because of their electron arrangements differ-
ent from those of normal elements, have been utilized as
materials for hydrogen occlusion alloys, secondary cell raw
materials, optical glass, powerful rare earth magnets, phos-
phors, abrasive materials and the like.

[0004] Inparticular, 1nrecent years, since rare earth-nickel-
based alloys have high hydrogen occlusion capability, a large
amount thereof have been utilized as a raw material for the
negative electrodes of nickel hydrogen cells, and the impor-

tance for the rare earth elements have become higher than
betore.

[0005] However, at present, since virtually the entire
amount of rare earth elements are imported, and since molded
products of nickel hydrogen cells or the like have a short
service life, there has been a strong demand for establishing a
method for effectively recovering expensive rare earth ele-
ments from scrap products thereof.

[0006] As a method for recovering rare earth elements, a
wet method 1n which those elements are recovered from an
aqueous solution formed by dissolving the scraps containing
rare earth elements m acid such as a mine acid has been
generally known, and the wet method includes a solvent
extraction method and a precipitation method.

[0007] Specifically, in the case when rare earth elements are
mutually separated into respective elements, a precise sepa-
ration by using the solvent extraction method 1s carried out
(for example, see Patent Document 1). However, since rare
carth elements have closely chemically similar characteris-
tics, many steps are required for a device for the solvent
extraction. Moreover, since an organic solvent 1s utilized, a
tacility 1n which a fire or the like has to be taken into consid-
eration 1s required and since COD (Chemical Oxygen
Demand) increases 1n a drain, a reinforcement of a drainage
processing 1s required, and the like, with the result that high
costs tend to be required.

[0008] On the other hand, 1 the case of misch metal or the
like 1n which there are a plurality of rare earth elements
contained therein and there 1s no necessity for mutually sepa-
rating the elements, a precipitation method by which the
recovery 1s carried out at low costs 1s utilized from the indus-
trial point of view. As the precipitation method, an oxalic acid
precipitation method (for example, see Patent Document 2)
for recovering as an oxalate acid precipitate and a double
sulfate precipitation method (for example, see Patent Docu-
ment 3) in which a double sulfate of a rare earth sulfate and an
alkal1 sulfate 1s generated so as to be used for recovery has
been known.

[0009] However, 1n the case of the oxalic acid precipitation
method, the COD 1n the drain becomes higher, with the result
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that high costs tend to be required in the drainage processing
1n the same manner as 1n the above-mentioned solvent extrac-
tion method.

[0010] In contrast, in the double sulfate precipitation
method, the COD 1n the drain 1s not raised, which 1s different
from the oxalic acid precipitation method. In this double
sulfate precipitation method, however, since solubility of a
heavy rare earth element becomes extremely high, 1t 1s diifi-
cult to carry out a sufficient recovery and since the solubility
of a light rare earth element 1s also high, the element remains
in the liquid at least in a order of 0.0 n (g/1), resulting 1n a
problem of failing to be completely removed therefrom.

PRIOR-ART DOCUMENTS

Patent Document

[0011] PTL 1: Japanese Patent Application Laid-Open No.
HO7-026336
[0012] PTL 2: Japanese Patent Application Laid-Open No.
HO09-217133
[0013] PTL 3: Japanese Patent Application Laid-Open No.
HO09-0823771
SUMMARY OF THE INVENTION
[0014] Therefore, 1n view of these circumstances, the

present invention has been proposed, and its object 1s to
provide amethod for recovering a rare earth element, which 1s
capable of efficiently recovering a rare earth element with
high recovery rate without using any expensive chemicals,
solvents or the like.

[0015] Adfter having extensively studied so as to achieve the
above-mentioned object, the inventors of the present mven-
tion have found that after a water-soluble salt other than
sulfate 1ons has been made to coexist with an aqueous solu-
tion prepared by dissolving scraps or the like containing rare
carth elements 1n hydrochloric acid or the like, an alkali metal
sulfate 1s added to the aqueous solution, thereby producing a
precipitate of a double sulfate of the rare earth element, and
consequently recovering the rare earth elements efficiently
with high recovery rate; thus, the present invention has been
devised.

[0016] That 1s, the method for recovering a rare earth ele-
ment relating to the present invention 1s characterized in that
a water-soluble salt other than sulfate 1ons 1s allowed to coex-
1st with an aqueous solution that contains a rare earth element,
and then an alkali metal sulfate 1s added to the aqueous
solution, thereby producing a precipitate of a double sulfate
of the rare earth element.

EFFECTS OF INVENTION

[0017] In accordance with the present invention, 1t 15 pos-
sible to recover both of a heavy rare earth element and a light
rare earth element efficiently with high recovery rate without
using any expensive chemicals, solvents or the like.

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG. 1 1s a graph that shows a transition of a rare
carth element concentration (residual concentration) relative
to sulfate 1on concentration 1n a solution caused by an addi-
tion of an alkali metal sulfate.
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DETAILED DESCRIPTION OF THE INVENTION

[0019] The following description will discuss specific
embodiments (hereinafter, referred to as “present embodi-
ment”) ol a recovering method for a rare earth element in
accordance with the present invention. Additionally, the
present imvention 1s not limited by the following embodi-
ments, and may be modified within a scope without departing,
from the gist of the present invention.

[0020] The recovering method for a rare earth element 1n
accordance with the present embodiment makes it possible to
recover a rare earth element from an aqueous solution con-
taining rare earth elements obtained, for example, by dissolv-
ing scrap products or the like, such as nickel hydrogen cells,
clectronic apparatuses and the like, efficiently with high
recovery rate without using any expensive chemicals, sol-
vents and the like.

[0021] More specifically, the method for recovering a rare
carth element relating to the present invention 1s character-
1zed 1n that a water-soluble salt other than sulfate 1ons 1s
allowed to coexist with an aqueous solution that contains a
rare earth element, and then an alkali metal sulfate 1s added to
the aqueous solution, thereby producing a precipitate of a
double sulfate of the rare earth element.

[0022] The aqueous solution containing a rare earth ele-
ment1s, for example, an acidic aqueous solution dertved from
hydrochloric acid containing a heavy rare earth element and a
light rare earth element. More specifically, as the aqueous
solution, a leach liquor, for example, which is obtained by
leaching scrap products, such as battery cells, electronic
apparatuses and the like containing heavy rare earth elements
and light rare earth elements, by using mine acid other than
sulfate, such as, hydrochloric acid or the like, 1s used. Addi-
tionally, even in the case when the acidic solution 1s obtained
by using, for example, hydrochloric acid or the like, the
hydrochloric acid concentration 1s 1n the order of 0.0 n (mol/
1), causing no effects to an anion concentration of a water-
soluble salt at the time when the water-soluble salt, which will
be explained later, 1s allowed to coexist.

[0023] As the rare earth elements contained in the aqueous
solution and serving as the subject to be recovered, although
not particularly limited, examples of the heavy rare earth
clements of the rare earth elements include: yttrium (Y),
curopium (Eu), gadolintum (Gd), terbium (Tb), dysprosium
(Dy), holmium (Ho), erbrum (Er), thulium (Tm), ytterbium
(Yb) and lutetium (Lu) or the like.

[0024] Moreover, examples of the light rare earth elements
of the rare earth elements include: scandium (Sc¢), lanthanum
(La), certum (Ce), prasecodymium (Pr), neodymium (Nd),
promethium (Pm) and samarium (Sm) or the like.

[0025] Inthe recovering method for a rare earth element 1n
accordance with the present embodiment, a water-soluble salt
other than sulfate 1ons 1s made to coexist with this aqueous
solution containing a rare earth element. After allowing the
water-soluble salt other than sulfate 10ns to coexist with the
aqueous solution containing a rare earth element in this man-
ner, an alkali metal sulfate 1s added thereto, as will be
described later, so that a sulfate double salt of the rare earth
clement 1s generated. In accordance with this recovering
method, the rare earth element can be recovered efliciently
with high recovery rate without using any expensive chemi-
cals, solvents and the like.

[0026] The following description will discuss a principle
that allows a rare earth element to be recovered with high
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recovery rate by allowing a water-soluble salt other than
sulfate 10ns to coexist with an aqueous solution containing a
rare earth element.

[0027] First, the solubility of a rare earth double sulfate
(MLn(SQO,),) 1s represented by Ksp (solubility product){con-
stant)=[M][Ln][SO.]® (M: alkali metal, Ln: rare earth ele-
ment), and the solubility of the double sulfate 1s lowered by an
increase of each of [ M] and [SO, ] (1increase 1n concentration).

[0028] However, the conventional double sulfate precipita-
tion method has a limitation 1n reducing the concentration of
arare earth element remaining 1n an aqueous solution because
ol the above-mentioned solubility product. That s, it has been
impossible to almost completely recover the rare earth ele-
ment from the aqueous solution.

[0029] In contrast, the method for recovering a rare earth
clement in accordance with the present embodiment allows a
water-soluble salt other than sulfate 1ons to coexist i the
aqueous solution as described above. With this arrangement,
in the aqueous solution, free water in the aqueous solution,
that 1s, water that has not been combined with other sub-
stances, 1ons, or the like, 1s used for dissolving the water-
soluble salt that 1s allowed to coexist. Thus, the free water 1n
the aqueous solution 1s reduced, and when a double sulfate
generation reaction of a rare earth element 1s generated by
adding an alkali metal salt thereafter, the generated double
sulfate 1s apparently the same as being dissolved 1n a small
amount ol water, with the result that the solubility of the
double sulfate 1s lowered to the aqueous solution. In this
manner, 1n the present embodiment, by allowing a water-
soluble salt other than sulfate 10ns to coexist, the free water 1n
the aqueous solution can be reduced. Thus, 1t becomes pos-
sible to extremely reduce the solubility of the double sulfate,
and the precipitate of the double sulfate 1s effectively gener-
ated so that the rare earth element can be recovered with high
recovery rate and the residue concentration of the rare earth
clement 1n the aqueous solution can be reduced.

[0030] As the water-soluble salt to be allowed to coexist 1n
the aqueous solution containing a rare earth element,
although not particularly limited as long as it 1s other than
sulfate 10ns, such salts as to be hydrated to reduce free water
in the aqueous solution are preferably used when the above-
mentioned principle 1s taken into consideration. Among
those, a water-soluble salt, which satisfies the requirements
for a high solubility, a high degree of electrolytic dissociation
and a high coordination number of water molecules to 10ns
generated by electrolysis, as well as for not decomposing the
double sulfate, 1s preferably used. That 1s, from the viewpoint
of being easily coordinated with water, those salts having a
high solubility are preferably used, and since hydrating pro-
cesses occur as many as the number of 10ns, those salts that
have a high degree of electrolytic dissociation and easily form
ions 1n an aqueous solution are preferably used. Moreover,
from the viewpoint of being coordinated with many water
molecules, those salts that are electrolytically dissociated into
ions having a high coordination number with water molecules
are preferably used. Furthermore, when those salts that do not
decompose double sulfate are used, 1t becomes possible to
elfectively recover the double sulfate of a generated rare earth
clement.

[0031] In particular, as the water-soluble salts having the
above-mentioned characteristics, one or more kinds of mate-
rials selected from the group consisting of chlorides, perchlo-
rates, chlorates, bromates, bromides, periodinates, 10dinates,
iodides and nitrates, are preferably used. By allowing such a
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water-soluble salt to coexist, free water 1n an aqueous solution
can be eflectively reduced, and the solubility of the generated
double sulfate 1s lowered so that a rare earth element can be
recovered with high recovery rate. Additionally, hydrochloric
acid that 1s a chloride has a possibility of enhancing the
solubility of a double sulfate of a rare earth element; there-
fore, 1n the case when a chloride 1s used as the water-soluble
salt, chlorides other than hydrochloric acid are preferably
used.

[0032] Moreover, in particular, among the above-men-
tioned water-soluble salts, those salts that have a dehydrating,
force against free water 1n the aqueous solution and also have
cations that do not decompose a double sulfate of a rare earth
clement are preferably used, and more specifically those salts
having divalent cations are more preferably used. For
example, water-soluble salts having Ni, Co, Cu, Mn, Fe, Zn,
Cd, Ca, Mg, or the like as divalent cations are used. Since
these divalent cations have a high hydration force, they are
hydrated with free water 1n an aqueous solution to effectively
reduce the free water without decomposing the generated
double sulfate. In the case of monovalent cations, their hydra-
tion force 1s low, while 1in the case of trivalent or more cations,
they can form another double sulfate and decompose the
double sulfate of a rare earth element.

[0033] Thewater-soluble saltis preferably allowed to coex-
1st 1n an aqueous solution at an anion concentration of 4 to 10
mol/l. In the case when the coexistent water-soluble salt 1s
less than 4 mol/l 1n the anion concentration, the effect for
reducing free water 1n an aqueous solution becomes 1nsudifi-
cient. In contrast, 1n the case of the coexistent water-soluble
salt exceeding 10 mol/l in the anion concentration, the disso-
lution of the water-soluble salt itself becomes difficult.

[0034] Additionally, 1n the case when the water-soluble
salts are allowed to coexist 1n an aqueous solution at a high
concentration, for example, at a high concentration within the
above-mentioned range of 4 to 10 mol/l, those water-soluble
salts having, 1n particular, a high solubility are preferably
used. More specifically, for example, 1n the case when a
chloride-based salt 1s used as the water-soluble salt, a com-
pound having a higher solubility than that of Ni1Cl,, such as
L1Cl, CaCl,, MgCl, or the like, 1s preferably used. Thus, the
dissolution of the water-soluble salt enables appropriately to
be carried out, and to be adjusted to a desired concentration.

[0035] As described above, after a water-soluble salt other
than sulfate 1ons has been allowed to coexist in an aqueous
solution containing a rare earth element, an alkali metal sul-
fate 1s added to the aqueous solution to cause a double suliate
generating reaction so that a precipitate of a double sulfate of
the rare earth element 1s generated.

[0036] Although the additive amount of the alkali metal
sulfate 1s not particularly limited, as described above, the
solubility of a rare earth double sultate (MLn(S0,),) 1s rep-
resented by Ksp (solubility product)(constant) =M|[Ln][SO,]
>, and the solubility of the double sulfate is lowered by an
increase of each of [M] and [SO, . For this reason, by increas-
ing the additive amount of the alkali metal sulfate, the solu-
bility of the double sulfate 1s lowered so that it 1s possible to
elfectively reduce the concentration of the residual rare earth
clement 1n the aqueous solution.

[0037] In particular, the alkali metal sulfate 1s preferably
added to an aqueous solution containing a heavy rare earth
clement and a light rare earth element as rare earth elements
so as to have a sulfate-ion concentration o1 27 g/l ormore. The
solubility of the light rare earth element i1s lower than the
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solubility of the heavy rare earth element. Therefore, when
the alkali metal sulfate 1s added thereto, a sulfate double salt
generating reaction of the light rare earth element 1s at first
caused to generate a precipitate of the sulfate double salt. In
this case, however, by adding the alkali metal salt so as to have
a sulfate-1on concentration of 27 g/l or more, the heavy rare
carth element 1s coprecipitated with the precipitate of the light
rare earth element thus generated. In this manner, by adding
the alkali metal salt so as to have a sulfate-ion concentration
of 27 g/l or more, a coprecipitate of the light rare earth
clement and the heavy rare earth element can be formed, and
not only the light rare earth element, but also the heavy rare
carth element can be effectively recovered as a precipitate of
a sulfate double salt through a single process.

[0038] Moreover, with respect to the additive amount of the
alkali metal sulfate, the alkali metal sulfate 1s preferably
added to the aqueous solution containing a rare earth element
so as to have a sulfate-ion concentration of 50 g/l or more.
With this arrangement, the light rare earth element can be
almost completely recovered as a precipitate of a suliate
double salt so as to eliminate the residual amount in the
aqueous solution, and the heavy rare earth element 1s copre-
cipitated 1n the double sulfate salt of the light rare earth
clement, and can also be recovered at a high recovery rate of
about 90% or more.

[0039] Additionally, even in the case when the alkali metal
sulfate 1s added to the solution so as to have a sulfate-ion
concentration of 100 g/l or higher, the improvement of the
recovery rate 1s hardly expected. Therefore, from the view-
point of economical efficiency, the upper limit value of the
additive amount of the alkali metal sulfate 1s preferably set to
100 g/1 or less as the sulfate-1on concentration.

[0040] Inthe recovering method for a rare earth element 1n
accordance with the present embodiment, as described above,
in an aqueous solution prior to adding the alkali metal sulfate,
water-soluble salts other than sulfate 1ons are allowed to
coexist so that free water 1n the aqueous solution 1s reduced.
Therefore, by adding an alkali metal sulfate to this aqueous
solution so as to have the above-mentioned additive amount,
a sulfate double salt 1s generated with the solubility of the
sulfate double salt being lowered, so that the rare earth ele-
ment can be recovered more effectively with very high recov-
ery rate.

[0041] As the alkali metal sulfate to be added, not particu-
larly limited, for example, sodium sulfate, potassium sulfate
or the like may be used. Among these, from the viewpoints of
having high conveniences, such as good operability, sodium
sulfate 1s preferably used. Moreover, with respect to the alkali
metal sulfate, not limited to adding a solid-state material
thereol, an aqueous solution containing an alkali metal sulfate
adjusted so as to have the above-mentioned additive amount
may be added thereto.

[0042] Also, 1n the recovering method for a rare earth ele-
ment 1n accordance with the present embodiment, not limited
to adding an alkal1 metal sulfate, an ammonium sulfate, an
amine sulfate, or the like may be added. Even in the case when
the ammonium sulfate, the amine sulfate, or the like 1s added
in this manner, by adding this so as to have the predetermined
concentration as the sulfate-1on concentration, i1t 1s possible to
recover the rare earth element effectively with high recovery
rate.

[0043] Upon adding the alkali metal sulfate so as to gener-
ate a double sulfate of a rare earth element, the temperature
conditions of the aqueous solution are not particularly lim-
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ited. However, there 1s a negative correlationship between the
residual rare earth element concentration in the solution after
adding the alkali metal sulfate to cause the subsequent reac-
tion and the temperature of the aqueous solution. For this
reason, the reaction 1s preferably carried out 1n the aqueous
solution at a high temperature. Thus, the rare earth element
can be recovered more effectively as well as more efficiently.

[0044] More specifically, the temperature condition of the
aqueous solution 1s preferably set to 50° C. or more, and more
preferably, to 80° C. or more. By raising the temperature of
the aqueous solution to 50° C. or more, and more preferably,
to 80° C. or more to cause the double sulfate generation
reaction, the rare earth element 1n the aqueous solution can be
rapidly recovered with high recovery rate. Additionally, 1n the
case of the aqueous solution having a temperature exceeding
100° C., high costs for heat source and for facility investments
are required, failing to provide an industrially practical
method. Theretore, the upper limit value for the temperature
ol the aqueous solution 1s preferably set to 100° C. or less.

[0045] Moreover, in the double sulfate generation reaction
for a rare earth element, a stirring operation 1s preferably
carried out after adding the alkali metal sulfate. The stirring
operation 1s an essential operation for the double sulfate gen-
eration for a rare earth element, and in particular, in the case
when a heavy rare earth element and a light rare earth element
are contained in the aqueous solution, the stirring operation
can accelerate the coprecipitation of the heavy rare earth
clement to the above-mentioned double sulfate of the light
rare earth element so that both of the light rare earth element
and the heavy rare earth element can be recovered with high
recovery rate.

[0046] More specifically, although not particularly limited,
the stirring time 1s preferably set to 20 minutes or more, and
more preferably, to 60 minutes or more.

[0047] As explamned above in detail, in the recovering
method for a rare earth element in accordance with the present
embodiment, water-soluble salts other than sulfate 1ons are
allowed to coexist 1n an aqueous solution contaiming a rare
carth element, and then, by adding the alkali metal sulfate
thereto, the double sulfate precipitate of the rare earth element
1s generated. In accordance with this recovering method for a
rare earth element, free water 1n the aqueous solution 1s
reduced by the water-soluble salts that are made to coexist in
the aqueous solution so that the solubility of the double sul-
fate of the rare earth element generated by adding the alkali
metal sulfate can be effectively reduced. With this arrange-
ment, 1t becomes possible to recover a rare earth element
ciliciently with high recovery rate without using any expen-
sive chemicals, solvents, and the like.

[0048] Moreover, 1n this recovering method for a rare earth
clement, by adding in particular alkali metal sulfate to the
aqueous solution containing the rare earth element in which
the water-soluble salts other than sulfate 1ons are made to
coexist so as to have a sulfate-1on concentration of 50 g/1 or
more, both of the light rare earth element and the heavy rare
carth element can be effectively recovered with high recovery
rate.

[0049] As described above, 1n this recovering method for a
rare earth element, with respect to used products containing,
rare earth elements, such as battery cells and electronic appa-
ratuses, a leach liquor 1s obtained by leaching these scraps
with hydrochloric acid or the like, and the recovering method
1s carried out on the leach liquor. Then, by allowing a water-
soluble salt other than sulfate 1ons to coexist 1n the leach
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liquor, and by adding an alkali metal sulfate thereto, a double
sulfate precipitate 1s generated so that 1t 1s possible to recover
rare earth elements from used battery cells or the like with
high recovery rate at low costs without carrying out compli-
cated processes; thus, the method has a very high utilization
value from the industrial point of view.

[0050] Additionally, the recovering method for a rare earth
clement 1n accordance with the present embodiment 1s not
limited by the above-mentioned embodiment.

[0051] For example, in the above-mentioned recovering
method for a rare earth element, together with adding the
alkal1 metal sulfate, a double sulfate precipitate of a rare earth
clement may be preliminarily added to an aqueous solution as
seed crystal. In this manner, by adding the double sulfate
precipitate of the rare earth element as seed crystal to the
aqueous solution containing a rare earth element with water-
soluble salts other than sulfate 10ns being made to coexist
therein so as to cause a double sulfate generating reaction, a
new double sulfate precipitate 1s generated based upon the
seed crystal so that the rare earth element can be recovered
more etliciently with high recovery rate. In particular, in the
case when a heavy rare earth element and a light rare earth
clement are contained 1n the aqueous solution, by preliminar-
1ly adding the seed crystal, it becomes possible to accelerate
the coprecipitate of the heavy rare earth element having a
higher solubility than the light rare earth element so that an
elfective process 1s achieved.

[0052] Moreover, 1n the case when an aqueous solution
containing a heavy rare earth element and a light rare earth
clement1s used as the aqueous solution contaiming a rare earth
clement, the ratio of the number of moles of the light rare
carth element to that of the heavy rare earth element (value
obtained by dividing the number of moles of the light rare
carth element by that of the heavy rare earth element) 1n the
aqueous solution 1s preferably set to 3 or more, and more
preferably, to 8 or more. With this arrangement, the heavy rare
carth element 1s more efiectively coprecipitated in the double
sulfate precipitate of the light rare earth element so that the
recovery rates ol both of the light rare earth element and the
heavy rare earth element can be improved.

EXAMPLES

[0053] The following description will discuss examples of
the present invention; however, the present invention 1s not
limited by the following examples.

Example 1

[0054] A test was carried out by using an aqueous solution
(200 ml) containing lanthanum as a light rare earth element
and yttrium as a heavy rare earth element. More specifically,
an acidic aqueous solution derived from hydrochloric acid
having a lanthanum concentration of 25 mg/l and a yttrium
concentration of 72 mg/1 was used. Moreover, 1in the aqueous
solution, N1Cl, was dissolved as water-soluble salts so as to
have a nickel concentration of 150 g/l and a chloride 10n
concentration of 5.1 mol/l.

[0055] Next, the aqueous solution was heated so as to raise
the liquid temperature to 80° C., and when 80° C. was
achieved, sodium sulfate was added thereto so as to have a
sulfate 10n concentration o 50 g/l 1n the aqueous solution, and
while being sufficiently mixed by a stirrer, a double sulfate
precipitate of the rare earth elements was generated. There-
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alter, a solid/liquid separation was carried out by using a filter
paper of No. 5C so that a filtrate was recovered.

Example 2

[0056] A middle-scale test was carried out by using an
aqueous solution (350 L) containing lanthanum as a light rare
carth element and yttrium as a heavy rare earth element. More
specifically, an acidic aqueous solution derived from hydro-
chloric acid having a lanthanum concentration of 7 mg/l and
a yitrium concentration of 14 mg/l was used. Moreover, 1in the
aqueous solution, Ni1Cl, was dissolved as water-soluble salts
so as to have a nickel concentration of 200 g/1 and a chloride
ion concentration of 6.8 mol/l.

[0057] Next, the aqueous solution was heated so as to raise
the liquid temperature to 60° C., and when 60° C. was
achieved, sodium sulfate was added thereto so as to have a
sulfate 10n concentration o 60 g/11n the aqueous solution, and
while being sufficiently mixed by a stirrer, a double sulfate
precipitate of the rare earth elements was generated. There-
after, a solid/liquid separation was carried out by using a filter
paper of No, 5C so that a filtrate was recovered.

Comparative Example 1

[0058] A test was carried out by using an aqueous solution
(280 L) contaiming lanthanum as a light rare earth element and
yttrium as a heavy rare earth element. More specifically, a
sulfuric acid aqueous solution atapH of 1 having a lanthanum
concentration of 330 mg/l and a yttrium concentration of
6000 mg/1 was used. In this comparative example 1, different
from example 1 and example 2, water-soluble salts, such as
Ni1Cl,, were not allowed to coexist therein.

[0059] Next, the aqueous solution was heated so as to raise
the liquid temperature to 80° C., and when 80° C. was
achieved, sodium sulfate was added thereto so as to have a
sulfate 10n concentration of 60 g/11n the aqueous solution, and
while being sufficiently mixed by a stirrer, a double sulfate
precipitate of the rare earth elements was generated. There-
after, a solid/liquid separation was carried out by using a filter
paper of No. 5C so that a filtrate was recovered.

[0060] The following Table 1 shows a yttrium concentra-
tion and a lanthanum concentration 1n the filtrates of example
1, example 2 and comparative example 1. Additionally, since
the yttrium concentration and lanthanum concentration 1n the
starting solution were different from one another in the
respective examples and comparative example, the ratio at
which the content of the rare earth element 1n the starting
solution was distributed to the double sulfate of the rare earth
clement was trial-calculated as a recovery rate. Moreover, an
ICP analyzing method was used for analyzing the respective
rare earth elements.

TABLE 1
Y ttrium Lanthanum
concentration concentration Yttrium
(mg/l) in (mg/l) in recovery  Lanthanum
filtrate filtrate (%) recovery (%)
Example 1 9 0.3 & Q0
Example 2 0.5 0.1 96 Q9
Comparative 260 17 21 95

Example 1
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[0061] Inexample 1 and example 2 1n which water-soluble
salts other than sulfate 1ons were allowed to coexist i an
aqueous solution containing rare earth elements, not only the
recovery rate of lanthanum serving as the light rare earth
clement, but also the recovery rate of yttrium serving as the
heavy rare earth element had a high value. In particular, in
example 2 using an aqueous solution 1n which a large amount
of chloride 10ns were dissolved, the recovery rate of yttrium
serving as the heavy rare earth element became 96%, which
was extremely high value.

[0062] In contrast, in comparative example 1 1n which a
sulfate aqueous solution containing rare earth elements was
used, although the recovery rate ol the light rare earth element
was 95%, which was a high value, the recovery rate was
lowered 1n comparison with those of example 1 and example
2, and the concentration of lanthanum serving as the residual
light rare earth element in the filtrate had a high value that was
about 50 to 100 times higher than those of example 1 and
example 2, indicating that the rare earth element was easily
remained.

[0063] Moreover, 1n comparative example 1, the recovery
rate of yttrium serving as the heavy rare earth element was
21%, which was an extremely low value, indicating a remark-
able difference from the recovery rates of example 1 and
example 2 showing high vttrium recovery rates. Furthermore,
its yitrium residual concentration was also as high as 260 mg/1
so that a large amount thereof was remained.

[0064] Based upon the results shown above, 1t 1s found that
by adding the alkali metal sulfate to an aqueous solution
containing a rare earth element with water-soluble salts other
than sulfate 1ons being allowed to coexist therein, 1t becomes
possible to greatly increase the recovery rate of the rare earth
clement 1n comparison with a conventional process 1n which
the alkal1 metal sulfate 1s added to a sulfate aqueous solution
containing a rare earth element, so that the amount of the
residual rare earth element in the aqueous solution can be
elfectively reduced,

Example 3

[0065] Inexample 3, an aqueous solution containing a rare
carth element was prepared 1n the same manner as in the
above-mentioned example 1, and this was heated so as to raise
the liquid temperature of the aqueous solution to 80° C. Then,
to this aqueous solution, sodium sulfate serving as the alkali
metal sulfate was added with its additive amount being
respectively varied 1in a range from 20 g/1to 70 g/l in 1ts sulfate
ion concentration, and this was sulliciently mixed by a stirrer
so that a double sulfate precipitate of the rare earth element
was generated. Thereafter, a solid/liquid separation process
was carried out by using a {ilter paper of No. 3C so that the
filtrate was recovered.

[0066] The residual concentrations of yttrium and lantha-
num 1n the resulting filtrate were measured, and transitions of
the concentration of the residual rare earth element to the
respective additive amounts of the sodium sulfate were exam-
ined. FIG. 1 shows the results of measurements of the residual
concentrations.

[0067] As clearly indicated by the results shown 1n FIG. 1,
it 1s found that by adding an alkali metal sulfate so as to have
a sulfate-1on concentration of 50 g/1 or more, lanthanum serv-
ing as the light rare earth element can be almost completely
recovered as a precipitate ol a double sulfate, with the residual
amount thereot 1n the aqueous solution being eliminated, and
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that yttrium serving as the heavy rare earth element can also
be recovered at a high recovery rate of about 90% or more.

1. A method for recovering a rare earth element comprising
the steps of:

allowing a water-soluble salt other than sulfate ions to

coexist 1n an aqueous solution containing a rare earth
element; and

adding an alkal1 metal sulfate thereto so that a precipitate of

a double sulfate of the rare earth element 1s generated.

2. The method for recovering a rare earth element accord-
ing to claim 1, wherein the water-soluble salt 1s a salt capable
of being hydrated so as to reduce free water 1n the aqueous
solution containing the rare earth element.

3. The method for recovering a rare earth element accord-
ing to claim 2, wherein the water-soluble salt 1s one or more
members selected from the group consisting of a chlonide, a
perchlorate, a chlorate, a bromate, a bromide, a periodate, an
10odate, an 10dide, and a nitrate.

4. The method for recovering a rare earth element accord-
ing to claim 3, wherein the water-soluble salt 1s a salt having
divalent cations.
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5. The method for recovering a rare earth element accord-
ing to claim 4, wherein the water-soluble salt 1s nickel chlo-
ride.

6. The method for recovering a rare earth element accord-
ing to claim 1, wherein the water-soluble salt 1s allowed to
coexist at an anionic 1on concentration of 4 to 10 mol/l.

7. The method for recovering a rare earth element accord-
ing to claim 1, wherein by adding the alkali metal sulfate, a
sulfate 1on concentration in the aqueous solution 1s set to 50
g/l or more.

8. The method for recovering a rare earth element accord-

ing to claim 1, wherein the alkali metal sulfate 1s sodium
sulfate.

9. The method for recovering a rare earth element accord-
ing to claim 1, wherein upon generating the double sulfate
precipitate of the rare earth element, the temperature of the
aqueous solution 1s raised to 50° C. or more so as to carry out
the reaction.



	Front Page
	Drawings
	Specification
	Claims

